Energetically unfavorable interactions among the zinc fingers of transcription factor IIIA when bound to the 5 S rRNA gene.
Xenopus transcription factor IIIA (TFIIIA) binds to over 50 base pairs in the internal control region of the 5 S rRNA gene, yet the binding energy for this interaction (DeltaG0 = -12.8 kcal/mol) is no greater than that exhibited by many proteins that occupy much smaller DNA targets. Despite considerable study, the distribution of the DNA binding energy among the various zinc fingers of TFIIIA remains poorly understood. By analyzing TFIIIA mutants with disruptions of individual zinc fingers, we have previously shown that each finger contributes favorably to binding (Del Rio, S., Menezes, S. R., and Setzer, D. R. (1993) J. Mol. Biol. 233, 567-579). Those results also suggested, however, that simultaneous binding by all nine zinc fingers of TFIIIA may involve a substantial energetic cost. Using complementary N- and C-terminal fragments and full-length proteins containing pairs of disrupted fingers, we now show that energetic interference indeed occurs between zinc fingers when TFIIIA binds to the 5 S rRNA gene and that the greatest interference occurs between fingers at opposite ends of the protein in the TFIIIA.5 S rRNA gene complex. Some, but not all, of the thermodynamically unfavorable strain in the TFIIIA.5 S rRNA gene complex may be derived from bending of the DNA that is necessary to accommodate simultaneous binding by all nine zinc fingers of TFIIIA. The energetics of DNA binding by TFIIIA thus emerges as a compromise between individual favorable contacts of importance along the length of the internal control region and long range strain or distortion in the protein, the 5 S rRNA gene, or both that is necessary to accommodate the various local interactions.